The study aimed to evaluate the analgesic efficiency of dexmedetomidine (DEX) when added to levobupivacaine in continuous ultrasound-guided serratus anterior plane block (SAPB) performed at the end of major thoracic surgery. Methods: This randomized, double-blind trial included 50 adults undergoing thoracic surgery. Continuous SAPB was performed at the end of surgery. Patients were randomized into two groups. Group L (n=25) received levobupivacaine only while Group DL (n=25) received a mixture of levobupivacaine and DEX. All patients received intravenous (IV) paracetamol every 8 hrs. Morphine IV was given according to VAS score of pain as a 5 mg loading dose. The primary outcome measure was postoperative pain intensity. Secondary outcome measures were postoperative morphine consumption and adverse effects. Results: Analgesia was satisfactory in the two groups up to 24 hrs. VAS score was significantly lower in group DL compared to group L between 6 and 24 hrs postoperatively. Total morphine consumption was significantly lower in group DL compared to group L (p<0.001). Up to 12 hrs postoperatively, sedation score was significantly lower in group DL compared to group L. Afterwards, all patients were fully alert. All values of mean arterial pressure and heart rate were within the clinically accepted ranges. There were no recorded cases of hypotension or bradycardia in the whole studied group. Conclusions: Continuous SAPB with levobupivacaine plus DEX seems to be a promising analgesic alternative following thoracotomy. Combined with IV paracetamol, this approach provided adequate analgesia and proper sedation.
Introduction
Thoracotomy is usually followed by severe pain which may result in hypoxemia, and ventilation-perfusion imbalance. 1 Proper management of acute postthoracotomy pain is crucial not only to avoid early morbidity complications but also to prevent chronic post-thoracotomy pain syndrome. 2 Regional anesthetic techniques have been effectively used for pain relief following thoracic surgical procedures. These include intercostal nerve block, thoracic epidural anesthesia (TEA), and thoracic paravertebral blocks. 3 TEA may fail in near 30% of the cases owing to technical difficulties of catheter placement or due to catheter dislodgement. 4 Also, high epidural catheterization is associated with a risk of spinal hematoma and epidural abscess. 5 Paravertebral block can control acute pain and reduce the development of chronic pain, but it carries the risk of accidental dural puncture, hematoma, and pneumothorax. 6 Serratus anterior plane block (SAPB) is another regional technique that can induce analgesia between T2 and T9 levels. This way, it can be appropriate for analgesia in thoracic surgery. Under ultrasonographic guidance, SAPB can be under or above the serratus muscle. 7 A recent cadaveric study concluded that SAPB seems to provide its effect through blockade of the lateral cutaneous branches of the intercostal nerves. 8 Previous reports showed that after superficial SAPB, the duration of sensory block was between 7 and 12 hrs. 7, 8 Dexmedetomidine, a selective α2-adrenergic agonist, possesses analgesic and sedative properties. 9 It was successfully used to prolong the local anesthetic effect in epidural, 10 intrathecal, 11 and paravertebral block. 12 Dexmedetomidine intravenous infusion was effectively used as adjuvant to general anesthesia in cases of laparoscopic surgery 13 and craniotomy. 14 In healthy volunteers, it demonstrated similarity with natural sleep. 15 The aim of this study is to evaluate the analgesic efficiency of dexmedetomidine when added to levobupivacaine in continuous ultrasound-guided serratus anterior plane block performed at the end of major thoracic surgery.
Patients and methods
This randomized, double-blind trial included 50 adult patients undergoing thoracic surgery in the period from June 2017 to January 2018. The study was carried out at National Cancer Institute, Cairo University after approval of the local ethical committee, and all patients have provided written informed consents to participate. The study was approved by the Institutional Review Board of the National Cancer Institute (Approval no.: 201617011.2P). Patients were given a full and detailed explanation of the study protocol and were informed about the potential benefits of the development of a successful technique as well as the potential side-effects. The study implemented the principles of the Declaration of Helsinki (1964) and its following revisions. The study was registered on the ISRCTN registry with study ID ISRCTN35517318.
Inclusion criteria were age from 20 to 60 years, ASA physical status I-II class, and body mass index (BMI) <40 kg/m 2 . Exclusion criteria were refusal for SAPB, defective coagulation, neuropathy, pregnancy, clinically significant cardiovascular, pulmonary, renal or hepatic diseases, infection at the site of injection, history of opioid dependence and allergy to the study drugs.
General anesthesia
A uniform anesthetic technique was used in two groups, namely, after preoxygenation with 100% oxygen for 3 mins, induction of anesthesia was by IV propofol 2 mg/kg, fentanyl 200 μg and atracurium 0.5 mg/kg to facilitate endotracheal intubation. Anesthesia was been maintained with isoflurane 1-2% in 50% air in oxygen mixtures. Intermittent dose of atracurium and fentanyl was used for muscle relaxation and analgesia, respectively. All patients were mechanically ventilated to maintain end-tidal carbon dioxide tension around 35 mmHg.
At the end of surgery, ultrasound-guided SAPB was done using a serratus anterior catheter. Patients were randomized by simple randomization using computer-generated random numbers into two groups. Group L (n=25) received a bolus of 30 mL of 0.25% levobupivacaine followed by an infusion of 5 mL/hr of 0.125% levobupivacaine. Group DL (n=25) received a bolus of 30 mL of 0.25% levobupivacaine plus 1 μg/kg dexmedetomidine followed by an infusion of 0.125% levobupivacaine plus 0.2 μg/kg/hour dexmedetomidine (Precedex 200 µg vials, Pfizer, Egypt) at a rate of 5 mL/hr.
Technique of SAPB
Patients are placed in the lateral position with the diseased side up. A linear ultrasound transducer (10-12 MHz, M-Turbo Ultrasound, USA) is placed over the midclavicular region of the thoracic cage in a sagittal plane (Figure 1 ). The fifth rib is identified in the mid-axillary line. The following muscles are identified easily overlying the fifth rib: the latissimus dorsi (superficial and posterior), teres major (superior) and serratus muscle (deep and inferior). As an extra-reference point, the thoracodorsal artery is used to aid the identification of the plane superficial to the serratus muscle. The needle (22G, 50-mm Tuohy needle) is introduced in-plane with respect to the ultrasound probe targeting the plane superficial to the serratus muscle. Under continuous ultrasound guidance, local anesthetic solution is injected then a catheter is threaded.
Inhalation anesthetic was discontinued and neuromuscular blockade was reversed by IV injection of neostigmine 0.05 mg/kg with atropine 0.01 mg/kg after fulfilling the criteria for extubation. Patients were extubated and transferred to surgical ICU. All patients were monitored with 5 leads electrocardiogram (ECG), pulse oximetry, non-invasive blood pressure monitoring (NIBP), end-tidal CO 2 , and TOF monitoring.
For postoperative pain management, all patients received intravenous (IV) paracetamol 1 gm every 8 hrs (Injectemol, Pharco B International, Pharma-tech) then morphine IV (0.1 mg/kg) to keep VAS score less than 3. Morphine consumption during the first 24 postoperative hours as a rescue drug was calculated.
Patients were monitored for systemic blood pressure, heart rate, and oxygen saturation every 10 min for the initial 1 hr of the blockade; every 30 mins for the next 2 hrs and then 2 hourly for the next 12 hrs. As soon as the patient is alert enough, VAS score of pain (10 mm vertical scale from 0 to 10 where zero means no pain and 10 is the worst pain) was recorded every 2 hrs. Sedation was assessed using the observer's assessment of alertness/sedation (OAA/S) scale. 16 The scale was scored as a composite score ranging from 1 (deep sleep) to 5 (alert). Signs of morphine side effects (nausea, vomiting, dizziness, an unusual pleasant feeling, sweating, headache, anxiety, and constipation) were monitored. In case of nausea and/ or vomiting, 10 mg metoclopramide was given intravenously. The primary outcome measure was postoperative pain intensity while patients were breathing quietly. Secondary outcome measures were postoperative morphine consumption and adverse effects including nausea, vomiting, hypotension bradycardia, and cardiac arrhythmia.
Sample size
No previous studies tested the effect of adding dexmedetomidine to local anesthetics in serratus anterior plane block. Thus, we calculated the required sample based on a study using the same combination for paravertebral block. 17 According to this study, based on our primary outcome measure (VAS score), 6 patients are required to have a 95% chance of detecting, as significant at the 5% level, a lower VAS score after 16 
Results
The flow of the patients is illustrated in CONSORT flow chart (Figure 2 ). The baseline characteristics of the two studied groups are shown in Table 1 . The two groups were comparable in demographic and clinical characteristics. There was no significant difference between the two groups in the total dose of intraoperative fentanyl and time of last fentanyl dose (Table 1) . Analgesia was satisfactory in the 2 groups up to 24 hrs after surgery. Pain intensity in terms of VAS score was significantly lower in group DL compared to group L between 6 and 24 hrs postoperatively (Table 2) . Total Morphine consumption was significantly lower in group DL compared to group L (p<0.001). Up to 12 hrs postoperatively, OAA/S sedation score was significantly lower in group DL compared to group L (Table 2) , ie, patients in the DL group were more sedated. Afterwards, all patients were fully alert with a score 5.
There are statistically significant differences between the two groups in hemodynamic parameters (Figures 3 and 4) . Also, the heart rate and mean arterial pressure showed statistically significant change throughout the 24 postoperative hours in the 2 groups. Nevertheless, all values were within the clinically accepted ranges. There were no recorded cases of hypotension or bradycardia in the whole studied group.
Discussion
The results of this study demonstrated that dexmedetomidine is a beneficial adjuvant to levobupivacaine for continuous serratus anterior plane block after thoracic oncologic surgeries. SAPB provided a good analgesic effect up to 12 hrs postoperatively. The addition of dexmedetomidine potentiated analgesia to cover the first 24 hrs of the postoperative period with significant reduction of morphine consumption and preservation of stable hemodynamics. Dexmedetomidine provided superior sedative effect throughout the 24 postoperative hours without causing respiratory depression.
In thoracic surgery, sources of pain involve nociceptive and neuropathic mechanisms originating from somatic and visceral afferents. These involve intercostal nerves at the sites of incision and thoracic drains, the vagus nerve and phrenic nerve in the pleura, and the brachial plexus in the ipsilateral shoulder. 8 Owing to the multifactorial nature of acute thoracotomy pain a multimodal analgesic approach that targets multiple sites along the pain pathway, and combines intravenous opioids or non-steroidal antiinflammatory drugs (NSAIDs) with regional anesthesia. 10 In the current study, pain was managed by IV paracetamol injection every 8 hrs in addition to continuous SAPB. IV morphine was given as a rescue analgesic drug. Continuous dexmedetomidine local infusion combined with the local anesthetic was intended to add a third dimension of pain management to gain the benefit of its antinociceptive effect against both cutaneous and visceral pain. 18, 19 The current study demonstrated analgesic effectiveness of dexmedetomidine when administered locally in SAPB. Previous studies showed moderate analgesic benefit of Figure 3 Changes of the heart rate during the first 48 postoperative hours in the 2 studied groups. Notes: Group L received levobupivacaine only. Group DL received a mixture of levobupivacaine and dexmedetomidine.
systemic dexmedetomidine which was superior to paracetamol. 20 However, this analgesic advantage is commonly associated with significant hypotension and bradycardia. 21 In addition to pain relief, dexmedetomidine continuous infusion in SAPB was associated with better sedation during the early postoperative period (12 hrs). Intravenous continuous infusion injection of dexmedetomidine is used effectively to produce adequate levels of sedation during different types of surgical procedures. [22] [23] [24] Dexmedetomidine has also extra benefits in perioperative care such as anxiolysis, control of postoperative shivering, and PONV. 20 Despite the lack of α2-adrenoceptors on the axon of the normal peripheral nerve. 25 Four mechanisms have been proposed for the action of α2-adrenoceptor agonist in peripheral nerve block. These include centrally mediated analgesia, α2B-adrenoceptor mediated vasoconstrictive effects, attenuation of the inflammatory response, and direct action on a peripheral nerve. However, the former three mechanisms cannot fully explain the efficacy of dexmedetomidine in peripheral nerve block. 26 It was shown that α2-adrenoceptor agonist enhances activity-dependent hyperpolarization by inhibiting the hyperpolarization-activated cation (Ih) current which plays a key role in cell excitability, especially the firing frequency. 27 The Ih current acts to reset a nerve for subsequent action potentials. When blocked, the Ih current enhances hyperpolarization and inhibits subsequent action potentials. 28 In light of the results of the current study, levobupivacaine combined with dexmedetomidine through continuous SAPB seems to be a promising alternative for pain relief following major surgeries involving thoracotomy.
We combined by IV paracetamol, this approach provided satisfactory pain amelioration and good sedation during the early postoperative period.
This approach seems to satisfy the requirement of a multimodal method as it considers the multiple nociceptive pathways, the pharmacologically distinct mechanisms, analgesic time with minimal side effects, especially respiratory depression. 29 If we add the easy application compared to other methods in the management of thoracotomy pain, SAPB seems to be favorable. We suggest carrying out controlled studies to compare the effectiveness of the current approach versus other regional analgesic methods of thoracotomy pain relief.
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